INTRODUCTION
Soybean (Glycine max) is a leguminous crop, and a worldwide important oilseed crop that has variation, including an extensive range of climatic, soil and development circumstances. However, it is frequently developed on rain-fed territories (Fageria et al., 1997) . Soybean was introduced in Azad Jammu and Kashmir in 2002 and gave very encouraging results in terms of growth, yield and nodulation (Tahir et al., 2009; Abbasi et al., 2010) . Soybean is a rare crop because of its significant traits: it has almost 37 to 42% high-quality protein, 29% carbohydrate and 17 to 24% oil contents, 85% of which are polyunsaturated fatty acid with lenoleic and linolenic acids, which are not produced by the human body (Balasubramaniyan and Palaniappan, 2003) . It is one of the major significant and widely developed crops that contribute 30% of the world's vegetable oil production. Moreover, it has also been used as a supply for bio-diesel fuels (Graham and Vance, 2003) . World total production of soybean is 268.2 million metric tonnes, cultivated over an area of 108.69 million ha. The average worldwide yield of soybean crop is 2.47 metric tonnes ha -1 (USDA, 2013) .
Allelopathy is a combination of two Greek words: allelo means "mutual harm" and pathy means "suffering" (Willis, 2007) . According to Stamp (2003) , allelopathy is a natural inclination through which a plant develops additional biochemical properties, which can effect development, endurance and imitation of all plants. These constituents are known as allelo-chemicals and can have an advantageous or disadvantageous consequence on the studied individuals. Allelopathy could be a safe phenomenon if it is used confidently in weed management so as to increase crop yield (Putnam et al., 1983) . Developed countries have shown great attention to this type of weed management. Through knowledge of the relationship between selectivity and toxicity, various plant parts are used as inhibitors (Picman and Picman, 1984) .
Santa Maria (Parthenium hysterophrous)
belongs to the family Asteraceae and is one of the highly damaging weeds in the world. It is found in almost every part of Pakistan. It is a toxic and destructive wild plant and accounts to have pharmacological characteristics beside various infections such as rheumatism, hepatic amoebiasis and abnormal new mass of tissue (Sarita et al., 2011) . On other hand, Parthenium has been identified to have a negative influence on crop development, biodiversity, mammal husbandry, human fitness and even high ecological reliability. It has some water dissolving allelo-chemicals such as phenolic acids and parthenin, a sesquiterpene lactone with pseudoguaianolide character in different parts of the wild plant (Singh et al., 2003) . Parthenium has been rapidly spreading in Pakistan for the last 20-30 years and is now a serious weed of wastelands and grazing lands, especially in rainfed areas (Javaid and Anjum, 2006) . Some researchers have reported the allelopathic nature of Parthenium (Singh et al., 2003) . They found that allelopathic natural action in crops has constructive and destructive effects on yielding systems. The function of the allelopathic possessions of many crops has been recommended for wild plant supervision because of the likelihood of decreasing the use of costly, pollutant artificial herbicides (Kruse et al., 2000; Belz, 2007) . Mulches can organize wild plant development by suffocating them or through allelopathic possessions (Erenstien, 2002) . Crop residues on the soil surface reduce light interception and prevent weed development by reducing photosynthesis (Kamara et al., 2000) . Surface mulching of plant residues improve water holding capacity, heat energy, soil fertility; moreover, they minimize soil and water loss and result in weed suppression (Bu et al., 2002) . This calls for further scientific investigation on the allelopathic capacity of this weed for development of soybean. The present study was conducted to observe the allelopathic possessions of Santa Maria (Parthenium hysterophrous) on the development, plant growth and yield of soybean (Glycine max)
MATERIALS AND METHODS
Two experiments, in a greenhouse and in a laboratory, were performed at the University of Poonch Rawalakot AJK. The experiments were laid out in a Completely Randomized Design (CRD) with three replications and seven treatments. Soybean (Glycine max) variety NARC-02 was used in both laboratory and greenhouse experiments to investigate the allelopathic effects of Santa Maria (Parthenium hysterophrous) on emergence, seedling growth and yield of soybean.
Parthenium herbage
Fresh plants of Santa Maria (Parthenium hysterophrous) at their vegetative stage were collected from fallow lands of Rawalakot. Plants were dried in shade for one week. The flowers from the plants were separated. Then, the leaves, shoot and roots of the plants were cut into small pieces. The pieces of plant parts were mixed to make parthenium herbage. The parthenium herbage was applied as surface mulch and as soil incorporated at different levels at 1 ton ha -1 , 2.5 ton ha -1 and 5 ton ha -1 .
Soil sampling and collection
The soil used in the experiment was collected from a fallow field of the Faculty of Agriculture, Rawalakot AJ&K. Soil was taken from five different locations of the fallow field from a uniform area of the field at 0-15 cm depth. After proper mixing, a subsample of about one kg was taken, air dried and sieved through a 2 mm sieve for the determination of physical and chemical properties.
The pots were filled with 0.25 kg soil and five seeds of soybean were sown in each pot with a depth of 2 cm. There were seven treatments with three replications. The laboratory experiment was conducted to observe whether or not Parthenium has adverse effect on emergence of soybean. After the laboratory experiment, the same treatments were repeated in the greenhouse experiment and the treatments were as follows: The experiment was visited daily. The time when the first seed started emergence was recorded, and so was the time to start emergence (TSE). Mean emergence time (MET) was calculated according to the equation of Ellis and Robert (1981) :
where n is the number of seeds that germinated on day D, and D is the number of days counted from the start of germination.
Seedling density was recorded as emergence count (EC) at complete emergence in each pot. Seed emergence rate was calculated with the following formula: Final emergence percentage (FEP) was calculated as the ratio between the number of emerged seeds and the total number of planted seeds. Vigor index (VI) was calculated with following formula.
VI = seedling length (cm) x emergence (%)
With the aid of a meter rod, seedling length (SL) was recorded after three weeks of sowing from the root of the plant to the tip of the uppermost leaf.
With the aid of meter rod, plant height was recorded in centimeters from the base of the plant to the tip at physiological maturity. Root length was measured for each plant with the aid of a ruler. Leaf area of all leaves of five plants was measured for each treatment with the aid of digital leaf area meter, and the average was calculated. The plants were dug up with the aid of spade and washed under flowing water. Five nodules were collected and counted from the individual plants and averaged for number of nodules per plant. The number of pods from the plant were counted at full pod stage and then averaged. The total number of seeds from the plants was counted. Then, the average number of seeds per pod was calculated, and 100-seed weight was recorded from the grain lot by using an electronic balance. This was repeated three times, and then average weight per 100 seeds was recorded.
Statistical analysis
Analysis of variance (ANOVA) and least significant difference (LSD) tests among means were computed for each character separately, using the software Statistix 8.1.
Comparison of means for the individual treatments was performed at the 5% probability level based on the F test of the analysis of variance (Steel et al., 1997) .
RESULTS AND DISCUSSION
The data (Table 1) indicates that soil incorporation of Parthenium affected time to start emergence (TSE) and mean emergence time (MET) to a greater extent, as compared with surface mulching. Soil incorporation of Parthenium showed slow emergence of soybean seeds. Among soil incorporation treatments, Parthenium herbage @ 5 ton ha -1 resulted in a significant (P≤0.05) delay as depicted by lower TSE and MET of soybean, which was followed by the treatments of Parthenium herbage @ 2.5 ton ha -1 . This could be due to a higher quantity of parthenium herbage in T 5 and the presence of sufficient soil moisture at depth during incorporation, which enhanced the activity of Parthenium decomposition, therefore releasing more inhibitory allelochemicals. Parthenium hysterophorus extracts significantly inhibited the seed germination of Eragrostis tef (Tefera, 2002) due to release of phytotoxins from Parthenium leaves (Stephen and Sowerby, 1996) . These results are in line with Channappagoudar et al. (2005) , who studied the allelopathic effect of Cyperus rotundus, Commelina benghalensis and Parthenium hysterophrous at two concentrations (5 and 10% W/V) on soybean and reported that Commelina and Cyperus had greater inhibitory effect on germination. Similar results were also reported by Khan et al. (2011) , who studied the allelopathic potential of P. hysterophrous on soybean, mung bean and maize. They reported that with the increasing concentration of the leaf extract of P. hysterophrous, the mean emergence values of soybean, mung bean and maize were more decreased. Parthenium delays emergence time; therefore, its application also negatively influenced EC, ER and FEP of soybean plants. By contrast, in control, more plants were recorded with high emergence rate and final emergence percentage. Similarly, vigor index and seedling length were higher in the control treatment as compared with rest of the treatments. This was due to a slow emergence rate and inability to compete for nutrients. Monica and Rao (2006) studied the allelopathic effects of Parthenium hysterophorus aqueous extracts of weed (10% w/v) and showed both inhibitory and stimulatory influence on percent seed emergence and seedling growth in different varieties of soybean. Khan et al. (2012) also investigated the allelopathic effects of Parthenium hysterophrous on the germination and seedling growth of four wheat cultivars. The results showed significant inhibitory (Regina et al., 2007) .
Parthenium mulching reduces plant height and root length when soil incorporation of parthenium @ 5 ton ha -1 (Figure 1A, B ) was applied as compared with control. It can be seen that with the increase in the amount of Parthenium herbage, there were more declines in growth of the soybean plants. However, the treatment T 2 behaved in similar fashion to T 4, and T 3 showed a similar trend to T 5 . Overall results for plant height and root length showed that soil incorporation of Parthenium herbage had greater influence more as compared with surface mulching. Kumar and Kumar (2010) investigated the effect of Parthenium hysterophorus on seed germination, plumule and radicle length and biomass production of P. mungo. There was a significant reduction with increased concentration of the aqueous solution of Parthenium. Ashok and Pawar (2005) also focused on the effect of Parthenium on different species, and they concluded that all Parthenium extracts significantly reduced root and plumule length. Batish et al. (2002) reported that decomposing residues of Parthenium release water-soluble allelochemicals in bioactive concentrations, which may directly or indirectly affect soil nutrient availability and, thus, plant growth. Parthenium residues released more amounts of phenolics, which accumulate and alter the availability of nutrients in the soil (Facelli and Pickett, 1991; Appel, 1993) . Kohli and Batish (1994) confirmed the presence of significantly higher amount of phenolics in the rhizosphere of Parthenium infested areas.
Statistically, maximum leaf area and number of nodules per plant were recorded in the control treatment (Figure 2A, B) , where no parthenium was applied. Comparing surface mulching and soil incorporation; soil incorporation had a greater effect on these attributes, in which T 2 which showed similar results to those of T 4, and T 3 , to those of T 5 . These results confirm the finding of Mersie and Singh (1988) , who reported that Parthrnium residues reduce plant growth and interfere with nutrient uptake, specifically nitrogen and phosphorus. It has also been reported that Parthenin is a potent inhibitor of germination and plant growth (Batish et al., 2001 (Batish et al., , 2002 . It has been reported that Parthenium residues release allelochemicals like sequiterpene and phenolics (Daizy et al., 2002; Ramesh et al., 2003) , which significantly decreased seed germination and subsequent growth in many crops (PARTHRNIUM WEED…, 2000) .
Likewise, the number of pods per plant and the number of seeds per pod were reduced under the Parthenium treatments ( Figure 3A,B) . Statistically, similar values for number of pods per plant were found in T 2 and T 4, while T 3 and T 5 also could not reach the level of significance from each other. Parthenium @ 5 ton ha -1 drastically reduced the number of pods per plant in soybean. The number of pods per plant was decreased due to poor growth of the plant (Figure 1A, B ). As far as the number of seeds per pod is concerned, T 1 , T 2 and T 4 showed statistically similar number of seeds per pod whereas a minimum number was recorded in T 6. This was also due to effect of Parthenium on plant height and root length, which ultimately affected the growth of soybean plants. The value for 100-seed weight was found to be statistically similar for T 1 , T 2 and T 4 treatments whereas a minimum value was found for T 6, and a maximum value was noted in control ( Figure 4a ). Soybean yield was found to be normal where no Parthenium herbage was used (control) whereas there was continuous decline in yield from T 0 to T 3, and there was a slight improvement in T 4, whereas it started to decline for T 6 .
The results suggest that a higher concentration of Parthenium retards plant growth, which might be due to inhibition of cell division, as allelopathic chemicals have been found to inhibit gibberellin and indoleacetic acid function (Tomaszewski and Thimann, 1966) .
A higher allelopathic potential was shown by the treatments of Parthenium soil incorporation, especially when treatment T 6 (soil incorporation of Parthenium herbage @ 5 t ha 1 ) was applied. The results suggested that the allelopathic effects of P. hysterophorus considerably affected the growth and yield of soybean; therefore, P. hysterophorus should be avoided in the agricultural field to increase overall yield of soybean. 
